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Due to the high surface-to-volume ratio, relatively great saturation 
magnetization values and easily surface functionalization of the magnetic nanoparticle, 
it has been widely used in the immobilization of proteins and enzymes, drug delivery 
and targeting, cell separation, bioimaging and so on..Surface modify are often 
employed to passivate the surface of the nanoparticles during or after the synthesis to 
avoid agglomeration. 
Carbon seems to be an ideal coating owing to its lower reactivity, much higher 
chemical and thermal stability as well as biocompatibility. Amine-modified carbon 
micro/sub-microtubes that encapsulate magnetite cores have been synthesized 
before.However, it was found that the dimension of magnetic particles is very large so 
that cann’t applies magnetic composite nanoparticles for in the biological. In this 
paper, carbon coated superparamagnetic nanoparticles have been synthesized by 
hydrothermal method based on the reaction of ferrocene and 2, 4, 6-trichloro benzoic 
acid (TCBA) in the one-step synthetic process, as confirmed by SEM、TEM、XRD、
XPS、EDS 、Z-potential 、VSM and so on. Monodisperse Carboxyl Functional Carbon 
Coated magnetic Nanocomposites (CCMNp) fabricated by this method is very uniform in size of 
ca. 60 nm and inherit Superparamagnetic. The existence of carboxyl groups reveals that after 
the hydrothermal reaction, which facilitate the surface to bind biomolecules in future 
application. The contents are summarized as follows: 
1、 The decomposition of a ferrocene/hexabromobenzene mixture in organic 
solvent in the presence of ammonia using a solvothermal method has been performed 
to prepare CMTs encapsulated with magnetite cores.Ammonia in the reaction system 
plays a key role in the formation of the microtube morphology and was the source of 
















functionalized with amino groups through the synthetic process in one step. FITC has 
been conjugated to the NH2-H-CMTs by a thiourea bond, which confirms the 
reactivity of the amino groups on the surface of the microtubes.The inside magnetite 
cores are well protected by the carbon shell. Etching by HCl solution to remove the 
inside cores gives rise to hollow CMTs. 
2、  Carboxyl-modified carbon encapsulated with magnetite cores were 
synthesized by decomposing a ferrocene/TCBA in hydrothermal method in one-step 
process. Monodisperse CCMNp fabricated by this method is very uniform, 
Monodisperseand, high purity, inherit the reactivity and stability. High surface charge 
could provide stability for the nanoparticles against aggregation and clustering. The most 
important contribution of this work is to introduce a simple and effective method by 
which the surface of the carbon is functionalized with carboxyl groups.And the 
method has significant advantages over ordinary ones, thus opening the ways for the 
controlled mass production of carbon coated magnetic-metal nanoparticles. 
3、 These nanoparticles covalently bound with hepatitis B surface antibody 
(HBsAb) were used to detect hepatitis B surface antigen (HBsAg) in enzyme-linked 
immunosorbent assay (ELISA) due to the amino group and the high carboxyl group 
density on their surfaces. Carboxyl functional CCMNp as the carrier, a sensitive sandwich 
method to detect the HBsAb was established andHRP-labeled anti-HBsAg antibody. 




































































1.1.4  表面与界面效应 
纳米粒子尺寸小，表面积大，界面多。由于球形颗粒的比表面积与直径成反
比，随着粒径的变小比表面积显著增加，例如粒径为 10 nm 时，比表面积为 90 



































1.2  磁性纳米材料的概述 




































(1) 具有高磁化率，使材料的磁性较强[21] ，一般为铁磁性纳米颗粒； 























定的、各向同性、外观透明或半透明、粒径 l~100 nm 的分散体系称为微乳液。
在微乳体系中，用来制备纳米粒子的一般是 W / O 型体系，该体系一般由有机溶
剂、水溶液、活性剂、助表面活性剂 4 个组分组成。W / O 型微乳液中的水核中
可以看作微型反应器（Microreactor）或称为纳米反应器，反应器的水核半径与
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